CARDIOVASCULAR aging is a complex phenomenon associated with a gradual, yet progressive, deterioration in cardiovascular function.1-3 The etiology of this deterioration in function is poorly understood, but atherosclerosis and, in particular, coronary artery disease seem to be a factor. Cardiovascular aging and atherosclerosis appear to be universal phenomena, but their rate of development and the extent of myocardial involvement are variable. When there is accelerated cardiovascular aging, clinical disease develops at an unusually early age. Thus, coronary atherosclerosis is not limited to older age groups, and coronary artery disease has been demonstrated in a large number of young, healthy men aged 20 to 40. [4] [5] [6] [7] The clinical evaluation of the cardiovascular aging process has been difficult, for usually there are no signs or symptoms detectable until overt disease is present. The ballistocardiogram has been used for many years in the evaluation of cardiovascular function. This technic offers a unique means of studying the change in cardiovascular dynamics with age. Recently, Reeves et al. 8' 9 described an ultralow frequency acceleration ballistocardiograph that met all theoretic considerations of biophysical design.'0-14 This ballistocardiograph was clinically adaptable, had high testretest reliability, and revealed considerable new information about cardiovascular events. The purpose of the present study is to elucidate with the Reeves technic the changing ballistocardiographic pattern with advancing age in an overtly healthy male population, From the Cardiology Research Department, U. S. Naval School of Aviation Medicine, Pensacola, Florida. Opinions and conclusions contained in this report are those of the author and do not necessarily reflect the views nor the endorsement of the Navy Department.
and thus to evaluate the cardiovascular aging process.
Methods and Material

Subjects
The subjects consisted of 307 overtly healthy men, aged 18 to 54, on active duty in the U.S.
Navy; most were U.S. Navy pilots. The subjects were seen randomly as part of a required annual physical, and all had been screened for evidence of hypertension, rheumatic heart disease, and symptomatic cardiovascular disease. All subjects were considered to be in excellent health. The number of subjects in each of four arbitrary age groups (18 to 24, 25 to 34, 35 to 44, 45 to 54), the mean age of each group, and the average height and weight with the ranges observed are presented in table 1 . On each subject a ballistocardiogram and a standard 12-lead electrocardiogram were taken.
Apparatus
The ballistocardiograph ( fig. 1 ) was a modification15 of the ultra-low frequency model described by Reeves et al. 8' 9 The bed platform (13 lb.) was made of honeycomb aluminum* and was suspended from a wooden frame by three 56-inch long, 3/64-inch twisted seven-strand stainless-steel cables. A hydraulic lift system raised the bed platform and disengaged it from cable support when not in use.
When freely suspended by the cables, the bed was free to move in head-foot and lateral directions. A single-action joint attached between the foot of the bed and the wooden frame allowed unrestricted head-foot motion, but limited the lateral motion to the head end of the table. In the head-foot and lateral directions the suspended bed had a natural frequency of 0.42 cycle per second, with a damping factor of 0.04. The lower end of the undistorted frequency response of the bed was 0.5 cycle per second. For details on this aspect of the apparatus the analysis of Burger should be consulted. 16 In the head-foot axis only, the motion of the bed was sensed as acceleration by an electronic accelerometer.t The accelerometer gave readings BALLI STOCARDIOGRAMI AND AGING Standardization of the ballistocardiograph was carried out daily. After the Sanborn Poly-Viso was allowed to warm up for a period of 30 minutes, a 100-pound loading weight was placed upon the bed platform. The bed was suspended, and the bridge balance of the strain-gage amplifier was balanced. A standardization pendulum ( fig. 2) was placed at heart level on the 100-pound loaded bed with the ballistic pendulum free to move in the head-foot axis. The total weight of the pendulum and its housing was 4,400 Gmii.; the effective weight of the ballistic part of the pendulum, including the arm weight, was 1,568 Gm. With the paper speed of the Sanborn Poly-Viso running at 5 mm. per second, and the strain-gage attenuation switch set at the "X 4" position, the ballistic pendulum was set free from an 11.5-degree angle, which the arm of the pendulum made with a vertical line passing through the central axis. The pendulum delivered approximately 286,000 dy nes at each turning point of its swing. The sensitivity of the strain-gage amplifier was adjusted so that the total amplitude between the trough and peak of the tenth recorded swing was 21.5 mni. (fig. 2) . The amplitude of the trough-to-peak deflection Circulation, Volume XXIII, represented the force delivered by the pendulum at two consecutive turning points in its swing. Thus The actual recording. of a ballistocardiogram on a subject was as follows. After approximately a 2-minute rest period, the subject was placed on the bed platform and coupled to the bed by the footboard and straps. Electrocardiographic leads were attached to the limbs, and an Infraton pulsewave recordersr was placed over the right carotid artery. The bed was suspended, and the straingage attenuation switch set at "X 1." The paper speed was run at 50 mm. per second, and a simultaneous recording of the electrocardiogram (lead II), head-foot ballistocardiogram, and carotid pulse was obtained during a 10-second period with respiration held in the mid phase. The total procedure for each subject lasted less than 5 minutes. A ballistocardiographic recording on a healthy 22-year-old subject is presented in figure 3 .
Ballistocardiographic Analysis
The standard nomenclature9' 18 Standard analysis of the electrocardiograms of the 307 subjects was made with the following measurements noted: P-R interval, QRS duration, frontal plane QRS and T axes, frontal plane QRS-T angle, and amplitude of S in V2 plus R in V5. An electrocardiogram was read as abnormal if (1) S-T depression of greater than 1 mm. was present in any lead; (2) generalized low-voltage T waves were present with flat to inverted T waves in leads I, V5, or V6; (3) left axis deviation beyond minus 600 was present; (4) a pathologic Q wave in any lead was seen. Thus, an electrocardiogram read as abnormal by these criteria strongly indicated coronary artery disease. In the series of subjects studied, no patterns of bundle-branch block were present.
Results
Change in the Bauistocardiographic
Pattern with Age
The mean measurements, ranges, and standard deviations obtained from the analysis of the ballistocardiograms in 307 male subjects are presented by age groups in table 2. As one would expect, the heart rate increased slightly with age; it was 10 beats per minute faster in the oldest as compared with the youngest age group. The mean HI angle remained rather constant and there was no significant change with age. The mean HI and HJ forces (dynes) and the mean HK/HI ratio showed a progressive, almost linear, agerelated change. The HI and HJ values decreased with age, whereas the HK/HI ratio increased ( fig. 5 ). Some of the effects of age on the ballistocardiogram are apparent from these graphs.
The mean HK value showed a slight nonprogressive increase with age. The mean value for the Q-H time interval remained the same in all four groups, yet the spread of values was slightly greater in the older ages. The mean H-Jp time duration was 0.01 second longer in the oldest group than in the other three age levels. The H-L time interval was 0.02 second shorter in the oldest three age Circulation. Volume XXIII, The J wave was observed to be completely monophasic in the youngest age group, and it became somewhat polyphasic with age. The Jd wave was a very discrete entity in about two fifths of the cases in the 18 to 24 age group, and always occurred later than 0.22 second after H. When the Jd wave was present in the oldest age group, however, it measured 0.16 to 0.18 second after H and appeared as a change in deflection on the descending limb of the JK wave. When a late discrete Jd wave was present, the J wave itself showed the same slope on the ascending and descending limbs. However, when the Jd wave was not discernible, the J contour was skewed on its descending limb as if another wave (Jd) had been incorporated under it. By means of these criteria of abnormality, ballistocardiographic patterns were drawn to represent the kinds of abnormality that could theoretically be obtained (fig. 8 ).
The Abnormal Ballistocardiogram
There were 61 persons in this overtly 
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In the 11 grade-II cases, the combined HJ-11K/HI abnormality predominated. The frequent occurrence (14.6 per cent) of more than one ballistocardiographic abnormality in the 45 to 54 age group suggested a common factor etiologically responsible for the combination of abnormalities. Figure 9 is a smoothly drawn graph plotted from the data presented in table 5. A grade-I ballistocardiographic abnormality was evident in 16 per cent of the population by age 35. A grade-II abnormality was present in about 16.5 per cent of the individuals by age 50. At age 50, about 40 per cent of the population had no evidence of ballistocardiographic abnormality.
On the assumption that an abnormal ballistocardiogram deteriorates from grade I, through grade II, to grade III, then from the graphs in figure 9 the attack rate for a grade-I abnormality and the conversion rate from grade I to grade II can be calculated* ( fig.  10 ). There appears to be a rather constant attack rate before age 40 and a sharp increase thereafter. The rate of conversion to a grade-II abnormality showed a very significant rise in the fifth decade. One cannot say from this graph whether the individuals who converted to grade II in the fifth decade were the ones in whom a grade-I abnormality developed during the early portion of the 20 to 39 age period. That is, there may be a 15-to 20-year lag between the development of a grade-I abnormality and the conversion to grade II, but this is not the only possibility.
The electrocardiograms of all ( fig. 10 The frequency occurrence by age of the three grades of ballistocardiographic abnormality. The points on this graph were obtained from the data presented in Attack rate for grade I and conversion rate to grade-II ballistocardiographic abnormality.
A grade-I abnormality shows a rather constant attack rate in the 20 to Combining equations (3) and (4) 
The attack rate, R (0, I), and the conversion rate, R (I, II) were obtained by solving the above six equations with data derived from the graph in figure 9 of the text at yearly intervals between ages 18 and 51. It was assumed that no one "jumped" a ballistocardiographic grade of abnormality in a year's time. Also, it was assumed that no deaths occurred. Even if the death rate were known and taken into consideration, however, the relative position of these curves ( fig. 10) would not be effected.
